T he term "giant serpentine aneurysm" was first coined by Segal and McLaurin. 39 In 1977 they published a report of 2 cases and a literature review involving 4 additional cases of giant aneurysms with distinct angiographic features. Angiographically, they noted a giant aneurysm > 25 mm in diameter that was partially thrombosed and had a residual serpiginous vascular channel. They also noted that the flow rate coursing through the aneurysm was slow, and the aneurysm ended in a distal branch of the feeding artery and caused mass effect. Since 1977, giant serpentine aneurysms have been considered a subcategory of giant aneurysms. 39 Traditionally, patients with these lesions have undergone placement of an aneurysm clip, with or without thrombectomy. The perioperative morbidity and mortality rate, however, was 30-35%. 1 These patients were suffering debilitating strokes due to the abrupt cessation of cortical blood flow through the serpentine aneurysm. Improved outcomes were seen when revascularization procedures were added to the surgical treatment armamentarium. More recently, endovascular so-called deconstructive procedures, which obstruct flow through the aneurysm, have been described. Giant serpentine aneurysms are technically challenging entities and each case should be considered on an individual basis. In this review we attempt to summarize the existing body of literature on this rare entity and provide some of our institutional management strategies.
Clinical Presentation
Patients with giant serpentine aneurysms often present with signs of mass effect. Distinct symptomatology is based on the location of the aneurysm. As 50% of giant serpentine aneurysms are in the MCA territory, common presenting symptoms include headache, nausea and vomiting, hemiparesis, dysphasia/aphasia, and seizure. 1 Other symptoms noted in the literature include visual disturbance, cranial nerve palsy, papilledema, mental deterioration or depression, dysesthesia, and vertigo (Table 1) . flow toward one wall rather than continue through the central portion of the aneurysm. 12 Fanning et al 11 have called this wavy, sinusoidal angiographic appearance the pretzel sign. Serpentine aneurysms have separate points at which channels enter and exit the lesion, which differentiates this subcategory of giant aneurysms from saccular aneurysms, which have only one entry and exit point at the neck. 1, 11 The exiting channel of the serpentine aneurysm feeds the distal branches of the parent artery from which the aneurysm originates and supplies normal brain parenchyma (Fig. 1) . 11, 25 As previously noted, the rate of blood flow through the aneurysm is slow. 1, 5, 11, 20, 24, 39, 44 Mass effect from the thrombosed portion of the aneurysm is almost always present, which is indicated on angiography by displaced surrounding vessels and occasionally midline shift. 5, 33, 39, 44 Similar to the findings of Segal and McLaurin, 39 the majority of giant serpentine aneurysms are located within the MCA territory. A comprehensive literature review, including manuscripts reporting on serpentine aneurysms, noted 30 (50%) in the MCA circulation, 11 (18%) in the PCA circulation, 9 (15%) within the vertebral artery or vertebrobasilar junction, 8 (13%) within the ICA, and 2 (3%) within the ACA ( Table 2 ). The hypothesis for the significant occurrence within the MCA territory compared with the ICA is two-fold. First, there is significant jet force of the blood flow through the ICA, preventing stagnation of blood and hence preventing the formation of thrombus, whereas in the MCA the blood flow jet force is lower and blood is more likely to stagnate and form thrombus. 12 Second, there are no dural or osseous structures to limit expansion of the aneurysm. 12, 24 Computed tomography scanning demonstrates a well-circumscribed mass lesion with surrounding edema often misdiagnosed as a neoplasm. 5, 29, 33 The aneurysm is heterogeneous in appearance, the high density area represents the aneurysmal thrombus, and the low density region represents the patent vascular channel. 29, 33 The hyperdense, thrombosed portion of the aneurysm may also be heterogeneous, indicating different stages of hemorrhage and thrombosis. Additionally, a thin peripheral rim of calcification may be noted surrounding the aneurysm, indicating the chronic nature of giant serpentine aneurysms. 21, 29 Postcontrast CT scanning demonstrates intense homogeneous enhancement of the serpiginous vascular lumen and of the peripheral rim of the aneurysm, while the thrombosed portion of the aneurysm is nonenhancing, which has been coined the "target sign" by Kricheff. 23 The target sign is pathognomonic for partially thrombosed aneurysms. 1, 5, 22, 23, 29, 33 Signs of mass effect including midline shift, effacement of the ventricular system, and surrounding edema are also noted, as in Fig. 2 .
Magnetic resonance imaging findings have not been as clearly defined as those in other modalities. Reported findings have included heterogeneous hyperintensity on T1-weighted imaging indicating blood products of varying age. 1, 5, 8, 37 The hyperintense surrounding edema and the hypointense flow void associated with the serpiginous vascular lumen are routinely demonstrated on T2-weighted imaging. 1 The results of contrast-enhanced MR imaging are conflicting, and no consistent pattern has been determined. 1, 5, 8, 37 Other radiographic modalities have characteristic findings for giant serpentine aneurysms, but they can be misleading. Radiography of the head may demonstrate curvilinear calcifications as a result of calcified thrombosis within the aneurysm. 33, 39 Erosive osseous changes may be noted within the clinoid process, sella turcica, sphenoidal fissure, or other basal structures. 33 Pathological studies of giant serpentine aneurysms, obtained postoperatively and postmortem, have been instrumental in defining this entity. In Segal and McLaurin's landmark paper, 39 the authors published the pathological findings of both cases. Their findings included large globoid masses that contained an irregular serpentine channel coursing through a partially thrombosed aneurysm. They also noted multiple small, irregular channels that ended in blind pouches, in addition to the patent, serpentine channel. Sections through the thrombosed portion of the aneurysm demonstrated a laminated clot. 39 The walls of the aneurysms were notably thicker than usual, measuring 1-3 mm, and were composed primarily of acellular, fibrous tissue; no internal elastic lamina or endothelial lining could be identified. 39 Additional reports have documented hemosiderin and calcification within the walls of serpentine aneurysms. 5, 8, 12 In 1 specimen, arterial vessels were seen coursing through the adventitia of the aneurysm and supplying the outer surface of the mass, similar to a vasa vasorum. This is likely the source of enhancement of the aneurysmal rim on CT scans. Segal and McLaurin also noted that neither of the aneurysms originated from the apical medial gap found at the arterial forking, like that which is found commonly in saccular aneurysms. 39 Similar pathological findings have been published by other authors. 5, 12, 14, 20, 24, 41, 44 The origin of giant serpentine aneurysms is still uncertain. Because these aneurysms do not present at arterial branch points as do typical saccular aneurysms and because they have different clinical presentations, they may represent a different pathophysiology; thus, serpentine aneurysms are different from saccular aneurysms. Theories of origin in the literature include: development of giant serpentine aneurysms from saccular aneurysms by a "contained expansion" 27, 30 process, by fusiform dilation of the parent vessel with thrombosis, 44 by repeated dissection of the intrinsic vessel wall with intramural hemorrhages, 9 and by weakening of the vessel wall either congenital, 41, 44, 50 hemodynamically induced degeneration of the vascular wall, 45 or as a result of a degenerative connective tissue disease of the arterial wall. 20 
Natural History
Giant serpentine aneurysms are dynamic entities. Often, a giant serpentine aneurysm comes to the attention of healthcare providers once it has grown to a substantial size and resulted in neurological deficits or seizures due to its mass effect. 1, 11, 25, 29, 39 In a review by Suzuki et al., 41 12 (30%) of 39 patients had radiographic evidence of aneurysm enlargement over a period of 26 days-5 years. Various mechanisms of growth have been proposed including accumulation of thrombotic material, recurrent intramural hemorrhage, and development of intrathrombotic capillary channels. 8, 12, 25 The eccentric serpentine channel formation and accumulation of thrombotic material is a result of the Coanda effect, which was first described by Fodstad et al. 12 This hemodynamic principle describes the tendency for a jet of flowing blood to be deflected and preferentially flow toward one wall of a vascular channel, rather than continue to course through the center of the channel. Fluid pressure changes along the jet stream reinforce the eccentric path of blood flow along one arterial wall.
12,24 Blood flow is then significantly decreased in the central portion of the aneurysm and adjacent arterial wall, which predisposes for stagnant blood flow and thrombus formation. As a thrombus accumulates, the aneurysm morphology evolves and enlarges.
Giant serpentine aneurysms contain partial thrombus. However, the question that remains is in what stage of aneurysm maturation the thrombus exists? Sari et al. 37 have documented a case of spontaneous and complete thrombosis of a giant serpentine aneurysm. The patient presented with new-onset headaches. An angiogram obtained the next day was diagnostic for giant serpentine aneurysm. However, when the patient was brought back to the angiography suite 2 weeks later for treatment, the aneurysm was completely thrombosed. The patient was neurologically intact at the time of publication, and follow-up angiography at 3 years demonstrated continued occlusion.
. In contrast, there are case reports in the literature describing rapid neurological decline leading to death after ischemic stroke within the territory supplied by the giant serpentine aneurysm. 28 Two different mechanisms have been proposed: one consideration is the aneurysmal thrombus causes stretching or compression of the parent vessel, resulting in occlusion of that parent vessel; the other consideration is that the rapid narrowing of the residual serpentine channel within the aneurysm, due to acute thrombus accumulation, limits flow to the potentially dependent distal cortical vessels. 25 The clinical outcome after occlusion of giant serpentine aneurysms is likely to depend on the speed at which the residual serpentine channel narrows and the degree to which the collateral circulation develops. 25 Complete thrombosis of giant serpentine aneurysms should not be considered the final stage of this dynamic entity, however. Lee et al. 25 have described the case of a young woman presenting with headache and ptosis. Angiography demonstrated an avascular mass within the interpeduncular cistern and occlusion of the PCA distal to the P 1 segment secondary to mass effect. The distal PCA was supplied by the transcortical collateral circulation. Both CT and MR imaging confirmed the presence of a completely thrombosed giant serpentine aneurysm. This same patient presented 3 weeks later with progressive headaches, and recanalization was confirmed by repeat angiography demonstrating the presence of a patent serpentine channel within the now partially thrombosed aneurysm. This case demonstrates the varying nature of giant serpentine aneurysms and raises the question: What is the final stage of this dynamic process?
The natural history of giant serpentine aneurysms also includes hemorrhage. Interestingly, Suzuki et al. 41 have reported that 28% of patients with giant serpentine aneurysms initially present with SAH. This conflicts with the literature, which accounts for the majority of the presentations being secondary to mass effect brought on by growth of the aneurysm. 1, 39 In other studies, the thickened wall associated with serpentine aneurysms has been postulated as a source of protection against SAH. 20, 39 Suzuki et al. 41 have also reported very poor results associated with conservative management of giant serpentine aneurysms. They reviewed 18 cases of giant serpentine aneurysms within the MCA territory. Twelve patients were treated with surgical alteration of blood flow and 6 were treated conservatively. Of the 6 treated conservatively, 1 remained clinically unchanged and the other 5 suffered, deteriorated, or died. 41 Of the 12 who underwent surgical treatment to address the aneurysm and distal/cortical blood supply, all had an improved outcome. 41 This also suggests that there is a dynamic nature to the pathophysiology of giant serpentine aneurysms for which aggressive treatment should be considered the standard of care.
Preoperative Evaluation
As a majority of patients with giant serpentine aneurysms present with signs of mass effect, the first diagnostic study obtained is a CT scan of the head. Additional diagnostic studies may be obtained to help define the aneurysm including contrast-enhanced CT scan, CT angiogram, MR image, contrast-enhanced MR image, and MR angiogram. The gold standard, however, remains the cerebral angiogram.
Assessment of distal collateral flow is of utmost importance. Failure to do so results in untoward complications and neurological deficits, 3, 36, 40, 43, 44 which can be avoided by provocative neurological testing via BTO, Wada testing, or functional MR imaging. Collateral supply tolerance testing is done by selective temporary BTO test. This is done to evaluate a patient's ability to tolerate permanent occlusion of the artery as evidenced by ischemia to the distal segment upon occlusion. At our institution, patients are placed in a state of general anesthesia and baseline EEG data are documented prior to occlusion. A compliant Hyperglide or Hyperform balloon (ev3 Inc.) is advanced into the parent vessel just proximal to the aneurysm under radiographic guidance and then inflated during digital subtraction angiography in which a road- mapped image of the parent vessel is used. During BTO for ICA occlusion, anatomical and physiological testing are performed to verify the occlusion test. In the anatomical portion, we evaluate collateral filling of the occluded side through the circle of Willis. We also measure the transit time to capillary phase, which should demonstrate < 1-second difference between the 2 hemispheres. In the physiological portion, neurological examination and EEG monitoring are performed serially. If the patient passes both the anatomical and physiological portions at 15 minutes, we then institute a hypotensive challenge by bringing the mean arterial blood pressure to two-thirds that of baseline and again monitoring the circulation and capillary phases on angiography and EEG for an additional 10 minutes. Any change or deterioration in EEG status or prolonged capillary phase on angiography constitutes a failed test. For BTO in other regions, such as the MCA, a Hyperglide balloon is placed proximal to the aneurysm. Anatomical assessments are preformed to search for ACA-MCA and PCA-MCA collaterals both ipsi-and contralaterally. If retrograde filling is seen, a hypotensive challenge is then performed. The predictive value of the BTO may be enhanced by qualitative cerebral blood flow (CBF) measurement with 99m Tc SPECT scanning or quantitatively by Xe CT or CT perfusion imaging. These tests, however, require transporting the patient to a different location to perform these tests, and no consensus has been reached as to whether they add value to the BTO.
In some cases, such as aneurysms arising from the P 2 segment, Coley et al. 8 have advocated not performing the BTO before endovascular obliteration, because they thought it carried increased risk of damaging the proximal segment and its eloquent perforators, because of the risk of retrograde thrombosis secondary to the injured endothelium from the balloon occlusion, and because of the increased risk of distal thromboembolism. A literature search of BTO-related complications showed a transient neurological deficit in the range of 7-10% and severe permanent deficit in 1.5-5%. 13, 18, 19 Late neurological deficits in patients who had passed a temporary BTO is attributed to cerebrovascular insufficiency and distal thromboembolism from BTO. 47 Neurological eloquence of the area is assessed by the standard Wada testing before permanent occlusion/treatment of the aneurysm. 29 However, some doubt the reliability of Wada testing due to the potential changes in collateral blood flow after aneurysm occlusion. The treatment algorithm used at our institution is shown in Fig. 4 .
Treatment of Giant Serpentine Aneurysms: Surgical Management
Studies evaluating conservative management of giant serpentine aneurysms have demonstrated that these aneurysms grow, result in neurological deterioration, and ultimately lead to death if left untreated. 41 Surgical treatment of giant serpentine aneurysms, however, is complex. The aneurysm neck is broad and often difficult if not impossible to visualize. The neck and proximal parent vessel may not be accessible due to the large size of the aneurysm and significant brain retraction required to obtain proximal control. The perforating vessels may be difficult to visualize and separate from the parent vessel during proximal clip placement. Lastly, the rich vascular supply coursing through the surface of the aneurysm, similar to a vasa vasorum, can cause significant blood loss during the surgery. Each individual case must be considered carefully, taking into account the location, presenting symptoms, aneurysm morphology, and distal vasculature. Surgical interventions described in the literature include carotid artery ligation, 1, 31 aneurysm wrapping, 39, 41 aneurysm coating, 39, 41 aneurysm trapping, 32 aneurysm clipping, 1, 39 thrombectomy, parent vessel clipping, 1,39 and extracranial-intracranial bypass grafts. 1, 3, 16, 41 The perioperative morbidity and mortality rate for giant serpentine aneurysms was 30-35% prior to bypass revascularization procedures. 1 Carotid artery ligation is one of the original surgical techniques for treating aneurysms. 35 It is, however, associated with a high rate of complications and an incidence of distal ischemic stroke as high as 33% in some studies. 38 Fodstad et al. 12 used carotid artery ligation in the treatment of a giant aneurysm of the cavernous ICA. Three weeks following ligation, the patient presented with an ICA giant serpentine aneurysm. The authors theorized that the flow dynamics within the aneurysm were changed such that the Coanda effect was established, the flow was directed to one side of the arterial wall, and thrombus formed in the central lumen and contralateral arterial wall, thus changing this lesion from a giant aneurysm to a giant serpentine aneurysm. Surgical wrapping or coating of giant serpentine aneurysms has also yielded poor results. Suzuki et al. 41 noted 2 of 18 patients with MCA giant serpentine aneurysms that underwent lesion coating and wrapping, respectively; both patients died. This method of treatment was considered conservative and the results were poor, suggesting that it should also no longer be used.
The perioperative morbidity and mortality rate for giant serpentine aneurysms was 30-35% 1 prior to bypass revascularization procedures. The outflow channel of the aneurysm feeds the distal branches of the parent artery from which the aneurysm originates and supplies normal brain parenchyma. 11, 25 If the brain parenchyma is dependent on the serpentine channel and its vascular supply distally, the patient could suffer severe consequences following aneurysm occlusion. It is now considered a standard of care to determine the dependence of the distal parenchyma on the serpentine channel and the quality of collateral circulation prior to intervention. This may be elucidated via BTO. Measuring the postclipping reduction of cerebral blood flow intraoperatively has also been suggested as a means of evaluating collateral circulation. 4 If, indeed, the distal cortex is dependent on the vascular supply through the serpentine aneurysm, then surgical revascularization is required. Among the many considerations for this procedure, the initial ones should include the type of bypass needed (STA, saphenous vein, or radial artery) and the caliber of the recipient vessel. For example, the STA-MCA bypass is an excellent procedure for giant serpentine aneurysms in the most common of locations, the MCAs and PCAs. This procedure, however, is not feasible for the ICA because of the limited flow, and in that case a high-flow, saphenous vein graft would be better. Each individual case should be considered conditionally, accounting for the location, symptoms, and collateral circulation. Once the end-to-side vascular bypass is established, the aneurysm can be addressed in a 1-or 2-stage procedure. This decision is generally based on institutional philosophy and aneurysm morphology. In a 1-stage procedure, immediately following the vascular bypass the aneurysm is excluded from the circulation via proximal parent vessel clipping and distal parent vessel clipping, with or without thrombectomy, distal parent vessel clipping alone, carotid artery ligation, or immediate endovascular sacrifice.
1 The philosophy behind a 1-stage procedure is that the patency of the graft depends on the vascular drive, which is achieved by excluding the aneurysm from the circulation. In a 2-stage procedure, the first stage is only the vascular bypass procedure with no attempt to expose or address the aneurysm. An angiogram is then obtained to assess the success of the extracranial-intracranial bypass. The goal of the second stage, on a later day, is to exclude the aneurysm from the circulation. Options for the second stage include proximal parent vessel clipping and distal parent vessel clipping with or without thrombectomy, distal parent vessel clipping alone, carotid artery ligation, and an endovascular means of trapping the aneurysm. 1 Advocates of the 2-stage procedure maintain that patency and adequacy of the bypass should be confirmed via angiography prior to aneurysm occlusion. Amin-Hanjani and colleagues 2 have reported a case of a giant serpentine aneurysm of the MCA treated with STA-MCA bypass and proximal MCA clipping. At 13 years postoperatively, the patient is neurologically intact, the aneurysm remains occluded, and the bypass graft is functional. The authors also noted that the aneurysm sac was shrunken considerably in size but remained as a densely calcified mass. Isla et al. 22 reported failure of an STA-MCA bypass in a patient with a giant serpentine aneurysm on the posterior branch of the MCA trifurcation. The patient underwent STA-MCA bypass and ipsilateral ICA ligation. At 6 months he was doing well clinically, and angiographically the bypass graft was functional. It was noted, however, that the aneurysm was being fed from the posterior circulation via the posterior communicating artery. At 2 years the patient presented with hemiparesis, aphasia, and seizures. Angiographically, the aneurysm had enlarged significantly and the bypass graft was no longer functional. Two important lessons can be gleaned from this case. First, the continued aneurysm patency seen on the 6-month postoperative angiogram should have been considered more seriously and prompted further treatment. Second, perhaps like Fodstad, ligation of the carotid artery is too indirect a measure to stop blood supply to the distally located aneurysm. Today, options would include clip application distal to the vessel after bypass or completion of the bypass followed by consideration of an endovascular means of occluding proximal blood supply to the aneurysm.
Interestingly, occluding only the distal outflow of the giant serpentine aneurysm has been reported as an effective method of treatment. This seems counterintuitive, with the assumption being that the risk of rupture would increase; however, Horowitz et al. 20 have proved otherwise. Based on the Bernoulli equation, they proved that because the blood flow through the serpentine channel is slow, the pressure variation between the proximal and distal portion of the aneurysm is insignificant when the outflow is restricted. Therefore, clipping only the vessel distal to the aneurysm posed no increased risk of rupture and instead allowed for retrograde thrombosis of the aneurysm. This method, however, is controversial.
After occlusion of the aneurysm, the mass effect and associated edema decrease. The initial assumption in surgical management of giant serpentine aneurysms has been that the aneurysm was causing mass effect and therefore should be excised. 39 The aneurysm sac has a rich blood supply from the associated vasa vasorum, which makes the thrombectomy procedure tenuous and bloody. More recent reports have documented a decrease in size of the aneurysm sac, mass effect, and edema 2,32,41 due to clot retraction and thrombus resorption. 33 If the aneurysm is considered inoperable and/or untreatable by endovascular means, some have advocated ventriculoperitoneal shunt placement to relieve symptoms associated with hydrocephalus. 1 This method, however, does not address the dynamic, progressive nature of giant serpentine aneurysms.
Treatment of Giant Serpentine Aneurysms: Endovascular Management
Open surgical treatment, as described in the previous section, continues to be the gold standard. More recently, "deconstructive" endovascular strategies-that is, those involving the sacrifice of the parent vessel from which the aneurysm arises-have also been successfully used. In cases in which there is an established adequate collateral supply to the distal segment (through the circle of Willis) or extracranial-intracranial bypass, external carotid artery-ICA anastomosis at the ophthalmic, cavernous and petrous ICA segments, or leptomeningeal support over the convexities, complete aneurysm endovascular obliteration/occlusion has been successfully performed after a trial selective temporary BTO of the parent vessel in the awake patient. 8, 46 Successful endovascular modalities include the use of Guglielmi detachable coils, 8, 10, 15, 29, 46 Trufill orbit coils, 46 and N-butyl cyanoacrylate glue, 46 Onyx, and permanent detachable balloons, 29 which are no longer available. It is very important to assess angiographically the uninvolved cervical and cerebral vasculature for additional disease in the form of plaques, other aneurysms, vessel dissection, or fibromuscular dysplasia, which are contraindications for endovascular occlusion therapy. Figure 3 shows a giant serpentine aneurysm containing coils within the serpentine channel; also seen is excellent collateral circulation, preempting the need for a surgical bypass graft.
We recently treated a patient with a giant serpentine aneurysm of the right MCA. The patient presented with a new-onset seizure. Head CT scanning demonstrated a heterogeneous, hyperdense, well-circumscribed mass in the right frontotemporal region (Fig. 2A) . There was 9 mm of right to left midline shift, surrounding edema, and increased ventricular size. He was treated with hy-pertonic saline, mannitol, Decadron, and a brief period of CSF diversion for progressive mental deterioration. The patient underwent cerebral diagnostic angiography, which demonstrated an elongated serpentine channel off the right M 2 branch, the outflow channel of which was supplying distal MCA cortical branches (Fig. 1) . A few days later the patient underwent superselective temporary BTO of the distal M 1 segment, which demonstrated excellent collateral flow. Given the excellent collateral vascular supply, the entire serpentine channel was occluded with detachable coils (Fig. 3) . The patient's mental status improved as the edema abated, and eventually CSF diversion and all medications were stopped. At 6-month follow-up, the patient was neurologically intact. Magnetic resonance imaging demonstrated a significant improvement of the surrounding edema, correction of the midline shift, and a slight decrease in the size of the aneurysm.
Even after successful endovascular embolization of the aneurysm, persistent neurological symptoms attributable to the mass effect of the giant serpentine aneurysm may require resection of the aneurysm and thrombus. 1 However, there are reports documenting shrinkage of the aneurysm sac and decreased mass effect following occlusion of the aneurysm, 2,41 as was seen in our case.
Conclusions
Giant serpentine aneurysms are ≥ 25-mm partially thrombosed aneurysms with a patent, serpiginous vascular channel that courses through the aneurysm. There are separate inflow and outflow channels, of which the outflow channel supplies brain parenchyma in the territory of the parent vessel. Patients with giant serpentine aneurysms present most often with signs of mass effect and/or seizure, and only rarely with SAH. Given the large size, unique neck, and dependent distal vessels, these aneurysms pose a technical challenge in treatment. Initial treatment modalities were focused on surgical obliteration of the aneurysm, but the morbidity and mortality rate was 30-35% 1 due to ischemia of the distal parenchyma resulting in stroke. Since that time, BTO, Wada testing, and functional MR imaging have been used to evaluate the degree of collateral circulation and risk of stroke. As techniques and technology have evolved, a combination of surgical bypass grafting and endovascular occlusion has demonstrated promising results with lower morbidity and mortality.
